The antibacterial activity of various nanoparticles is gaining increasing interest due to its potential medical applications. In this work, we presented the synthesis of copper oxide nanoparticles prepared by chemical reduction from aqueous solutions of copper sulfate (CuSO 4 ) with sodium borohydride (NaBH 4 ) and hydrazine hydrate (N 2 H 4 ) as reductant and polyvinylpyrrolidone (PVP) as stabilizer. The X-ray diffraction spectra showed the formation of tenorite (CuO) and cuprite (Cu 2 O) nanoparticles when different ratios of CuSO 4 /NaBH 4 and CuSO 4 /N 2 H 4 were used. Photographs obtained by transmission electron microscopy (TEM) showed agglomerates of grains with a narrow size distribution (from 20 to 70 nm), whereas the radii of the individual particles were between 2 and 20 nm. Smaller nanoparticles and narrower particle size distributions were obtained when NaBH 4 was used. The results of antibacterial activity using the Kirby-Bauer method showed that nanoparticles obtained with NaBH 4 presented a reasonable bactericidal activity. Pseudomonas aureginosa and Staphylococcus aureus were more susceptible to the particle size than Escherichia coli. In addition, with small amounts of Cu 2 O in samples of CuO nanoparticles, the antibacterial susceptibility against Pseudomonas aureginosa was improved. Finally, nanoparticles of CuO incorporated into cotton by applying ultrasound waves remained impregnated after five washes.
Introduction
In recent years, the interest in nanomaterials has increased dramatically due to their unique physical and chemical features. Synthesis of nanosized particles of silver and copper with antibacterial properties is of great interest in the development of new pharmaceutical products [1] [2] [3] . Studies on copper nanoparticles (NPs) have recently attracted increased attention because of their low cost in contrast to gold and silver. In addition, considerable attention is now being directed to transition metal nanostructures based on their metal oxides, which is a crucial step toward realization of functional nanosystems [4] . Bacteriological activity of copper oxide NPs against gram positive (Staphylococcus aureus and Staphylococcus aureus MRSA) and gram negative (Escherichia coli and Pseudomonas aeruginosa) strains have been investigated for enhancing antibacterial property [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
Antibacterial activity of the copper oxide NPs can be exploited for disinfection in wastewater treatment plants, to prevent bacteria colonization and to eliminate microorganisms [15] . In addition, deposition of copper oxide NPs on cotton fabric will improve its antibacterial properties. Copper oxide NPs-loaded cotton fabric could be used in medical and textile applications such as medical devices, healthcare, wound dressing, military, protective suits, personal care product, clothing and others [16] . Antimicrobial susceptibility tests have been classified into different methods, based on the applied principle, which include diffusion (Kirby-Bauer and Stokes), dilution (minimum inhibitory concentration), and diffusion & dilution (E-test method). The Kirby-Bauer and Stokes methods are usually used for antimicrobial susceptibility test and the first one is recommended by the National Committee for Clinical Laboratory Standards (NCCLS). This method is well documented and standard zones of inhibition have been determined for susceptible and resistant values [17] . The exact antibacterial action of copper oxide NPs is not completely understood. One of the possible reasons for this behavior could be attributed to a direct interaction between copper oxide NPs and the external membrane surface of the bacteria. Other possible mechanisms involve the interaction of copper oxide with biological macromolecules such as enzymes and DNA through an electron release mechanism [18] .
Synthesis of nanosized copper oxide particles with different morphologies and sizes using different routes have been reported [19] . Some methods of synthesis include thermal decomposition [5, 20] , calcination [21] , pyrolysis [22] , sonochemistry [23] , electrochemistry [7, 24, 25] , microwave irradiation [26] [27] [28] , precipitation [29] [30] [31] [32] [33] [34] , reduction [16, [34] [35] [36] [37] [38] [39] [40] , reverse micelles [41] , sol-gel [42] and self-assembled [43, 44] . Along with those methods, the simple process involving a reduction of copper salts has been well developed [30, 45] . This synthetic method involves reduction of an ionic salt in an appropriate medium in the presence of surfactant using various reducing agents as sodium borohydride [37, 38, 46] and hydrazine hydrate [39] as examples.
In this article, we present the synthesis of copper oxide NPs prepared by chemical reduction from aqueous solutions of copper sulphate with sodium borohydride and hydrazine as reductant and polyvinylpyrrolidone (PVP) as a stabilizer. 
Experimental Chemicals and bacterial strains

Synthesis of copper oxide nanoparticles (NPs)
Copper oxides NPs were synthesized by modified chemical reduction method proposed by Sayed M. Badawy et al. [47] . Solutions of copper sulfate (18 mM to 40 mM), hydrazine hydrate (60 mM to 100 mM), sodium borohydride (20 mM to 80 mM), EDTA (1.0 mM), potassium hydroxide (2.0 mM) and PVP (0.25-0.75% v/v) were used. The chemical reduction was made at room temperatures. The solution of copper sulfate containing PVP was placed in a 250 mL flask. Then, EDTA and potassium hydroxide solutions were added. Subsequently, the reducing agent solution (hydrazine or sodium borohydride) was gradually dropped into the solution under magnetic stirring at the rate of 3 mL/min at room temperature. The transparent blue color solution gradually turned into opaque blue. Gradually, color of the solution turned dark or red-brown, indicating the formation of copper oxides. The process was carried out for 30 min at room temperature with stirring. After the reaction, the colloids containing NPs were centrifuged at 12 000 rpm for 5 min using a micro centrifuge (Eppendorf 5804). To remove excess copper ions, the copper oxide colloids were washed at least three times with Mili-Q water under nitrogen stream. A dried nanopowder of copper oxides was obtained by freeze-drying. To carry out all the characterization methods and the interaction of copper oxides NPs with bacteria, the copper oxide nanopowder in the freeze-drying cuvette was taken again in suspension in deionized water. The suspension was homogenized with a Fisher Bioblock Scientific ultrasonic cleaning container.
Characterization for copper oxide nanoparticles (NPs)
Structural characterization X-ray diffraction (XRD) investigation was carried out using BRUKER D8 ADVANCE (Karlsruhe, Germany) X-ray diffractometer equipped with a copper anticathode (l Cu Ka = 1.54056 Å). Data were obtained over the range of 2θ = 30°-100° using a step size of 0.03° and counting time of 10 sec per step. Reference Intensity Ratio (RIR) method from XRD was used in order to assign the phases observed in the X-ray pattern. Crystallite size measurements were also carried out using the approximate Scherrer equation, D = kλ/β cos θ, where D is the crystallite size, k is a constant (= 0.89 assuming that the particles are spherical), λ is the wavelength of the X-ray radiation (λ = 1.54056 Å), β is the line width at half maximum intensity of the peak, and θ is the angle of diffraction.
Elemental composition analysis
Chemical compositions of the samples were analyzed by scanning electron microscopy using a JEOL JSM 6460LA Scanning Electron Microscope (SEM), coupled with energy-dispersive X-ray spectroscopy (EDS) using an EDXS JEOL 1300 Microprobe.
Transmission electron microscopy
Studies of the size and the morphology of NPs were performed by means of transmission electron microscopy (TEM) using a Philips CM20-Ultra Twin microscope operating at 200 kV. Histograms of the size distribution were calculated from TEM images by measuring the diameters of at least 100 particles using ImageJ software. For preparation of the TEM sample, the nanopowder was dispersed in high-purity ethanol via ultrasonic equipment during 1 min. Then, a few drops of the copper oxide NPs solution were placed on carbon-coated TEM gold grids.
Antibacterial assays of cooper oxides nanoparticles (NPs)
The antimicrobial susceptibility of copper oxide NPs was evaluated using the disc diffusion or Kirby-Bauer method [17] . Zones of inhibition were measured after 24 h of incubation at 35 °C. The comparative stability of discs containing vancomycin and gentamicin was prepared. The standard dilution micro method, determining the minimum inhibitory concentration (MIC) leading to inhibition of bacterial growth, is still under way. However, preliminary results have been obtained.
Coating cotton fabric using cooper oxide nanoparticles (NPs)
The prepared copper oxide nanocrystals were coated onto cotton fibers using ultrasounds. An amount of copper oxide NPs was dispersed in 16 mL Mili-Q water; the colloids were placed in a beaker where ultrasound waves were applied by 10 min. The sample of cotton fibber (11 cm 2 approximately) previously washed with Mili-Q water was placed in the vessel where colloids were suspended. The NPs and the cotton fibber sample were exposed to ultrasound waves for 30 min in a Fisher Bioblock Scientific ultrasonic cleaning container. Cotton fibber samples coated using different copper oxide NPs were subsequently washed with Mili-Q water. The washing waters were collected individually and analyzed by atomic absorption spectroscopy (Atomic Absorption Spectrometer, Varian AA 220) to determine the copper content. Finally, the cotton fibber sample was dried in an oven at 40 °C and prepared for its analysis by SEM and XRD.
Results and Discussion
Copper oxide NPs were synthesized according to the method described in the previous section. Crystalline feature, crystallite size, particle size distribution and morphology by changing various parameters of the synthesized sample were accomplished. First, the effect of sodium borohydride (NaBH 4 ) and hydrazine (N 2 H 4 ) in the synthesis of NPs was investigated. Then, the morphology and size of NPs were determined. And the antibacterial activity of all copper oxides colloids prepared was examined. Finally, one method to coating cotton with NPs synthetized was carried out.
Effect of reducing agent
To study the effect of reducing agent, samples using hydrazine and sodium borohydride, both with and without presence of PVP as stabilizing agent were obtained (Fig. 1) . The copper oxide colloids obtained showed colors between brown and red if sodium borohydride agent (NaBH 4 ) or hydrazine (N 2 H 4 ) at different concentrations were used. Seven samples at different concentrations were obtained. Details of each sample are showed in Table 1 .
The Cu 2+ reduction, by N 2 H 4 or NaBH 4 , to copper oxides took place via a number of redox reactions [48] . When the reductant agent is introduced into the aqueous CuSO 4 solution, electrons are donated to the Cu 2+ ions. Although the exact mechanism and reaction route are not very clear yet, a series of redox reactions are assumed during the whole process. In the case of hydrazine (N 2 H 4 ), the reduction is carried out as follows,
When sodium borohydride (NaBH 4 ) is used, the reduction occurs through electron transfer from borohydride anions to copper ions followed by nucleation of copper atoms. Three mechanisms were proposed [49] [50] [51] :
Using either a reducing agent or another, copper NPs obtained could be oxidized into Cu 2 O and CuO [49, 52] . Oxidation occurred rapidly as the newly formed copper atoms reacted immediately with dissolved oxygen molecules:
However, standard formation enthalpies as of −166.7 kJ/mol and −155.2 kJ/mol indicated that the Cu 2 O was slightly more stable than CuO in the solid state. In fact, Chen et al. [53] suggested that an excess of copper NPs could reduce cupric oxide NPs:
Additionally, under certain conditions of pH 3 12.5
and temperature, a further oxidation of Cu 2 O may occurred:
For our working conditions (pH = 10-11), this reaction could not occur. Muramatsu et al. [54] reported that Cu 2 O particles could be synthesized from a CuO aqueous suspension using hydrazine as the reducing agent:
Then, further reduction of CuO NPs can be carried out with abundant amount of hydrazine. On the other hand, Yagi [34] and Zhang et al. [55] reported that Cu 2 O NPs could be obtained using NaBH 4 if enough amount of PVP in the media was used:
Effect of hydrazine N 2 H 4
The elemental analysis of the copper oxide NPs was performed by EDS. Fig.2(a) shows the EDS spectrum of sample MH01. All the K and L emission peaks for copper and oxygen were observed. No other obvious peak belonging to impurity was detected. This result indicated that the as-synthesized product was composed of high-purity copper oxide NPs. A similar EDS spectrum was obtained for the rest of samples prepared using N 2 H 4 . Fig.2(b) shows the typical powder XRD patterns of the as-prepared MH03 sample. Interplanar distances calculated for (111), (200), (211), (220), (311), (222) and (400) from XRD patterns matched well with standard data, confirming the formation of a single cubic phase of cuprous oxide (Cu 2 O) with a cuprite structure (JCPDS card no. 005-0667 space group Pn3m, a = 4.23 Å). No other diffraction peaks arising from Cu, CuO or CuSO 4 appeared in the XRD patterns. It was in agreement with results reported previously [20, 23-24, 39, 43-45] . Similar XRD spectra were obtained for the rest of samples when hydrazine was used. This can be due to that all the copper formed (Equation (1)) was oxidized immediately to cuprite according to Equation (5) . In addition, it is also 
possible to propose that the concentration of hydrazine is appropriate to reduce any possible tenorite formed according to reactions presented in Equation (9) and (10).
The size and the morphology of copper oxide NPs were analyzed by TEM. Fig. 3 shows the morphology and the particle size distribution of copper oxide NPs when different volumes of reductant agent were used. Fig. 3(a) reveals that the product consisted of well dispersed NPs with a regular morphology and narrow size distribution. Similar results were clearly observed for other two samples prepared using N 2 H 4 as reductant agent (Fig. 3(b) and (c) According to LaMer et al. [57] [58] , the mechanism of formation of NPs can be divided into two stages: Nucleation and growth. The results showed that as the N 2 H 4 volume increased, the nucleation process was favored until the critical radius was reached, and therefore the mean size of the NPs decreased ( Table  2 ). The crystallite size was also calculated using the approximate Scherrer formula from the width of (111) plane and was found to be 8.89 nm.
Effect of sodium borohydride NaBH 4
The elemental analysis of the copper oxide NPs was performed by EDS. Fig. 4(a) shows the EDS spectrum of sample MB01. All the K and L emission peaks for copper and oxygen were observed [6, 25, 59] . The CKa peak was also detected. This carbon 5.51 nm ± 1.81 nm peak was due to the SEM holding sample. No other obvious peak belonging to impurity was detected. This result indicated that the as-synthesized product was composed of high-purity copper oxide NPs. A similar EDS spectra were obtained for the rest of samples prepared. The XRD spectra (Fig. 4(b) ) for samples prepared with sodium borohydride at low concentrations confirmed the formation of cupric [38] reported that NaBH 4 acted as both alkaline agent and reductant for the growth of unusual CuO structures. This result was confirmed by the corresponding HEED pattern of NPs shown on the right-hand illustration in Fig. 5 (sample MB01) . When the electron diffraction was carried out on a limited number of crystals, only some spots of diffraction distributed in concentric circles were observed. The ring patterns of sample MB01 with plane distances of 2.52 Å, 2.32 Å, 1.87 Å, 1.58 Å, 1.41 Å, and 1.37 Å were consistent with the plane families (11), (111), (02), (202), (11) and (220) of single-phase CuO with a monoclinic structure [31, 43, 61] This result led us to thinking that copper NPs previously obtained (Equations (2), (3) and (4)) could be immediately oxidized to cupric oxide (CuO) according to Equation (6) . Additionally, if any amount of cuprous oxide (Cu 2 O) NPs is obtained, under the given conditions, they will be oxidized to cupric oxide (CuO) according to Equation (8) . Furthermore, based on the elemental analysis of sample MB01 (Cu=81.87%, O=18.13%), the weight Cu:O ratio could be calculated to be 4.52, which was close to theoretical value of 4 for CuO. The results of EDS analysis confirmed that the produced nanopowder was CuO, which was in agreement with the results of XRD.
The corresponding XRD pattern of samples MB01, MBP01, MB02 and MB03 are shown in Fig. 6 . This figure shows the XRD analysis results for the four different operating sodium borohydride concentrations. Fig. 6 shows XRD patterns with a predominant presence of CuO with traces of Cu 2 O. The peak of CuO was observed in all samples. However, peaks corresponding to Cu 2 O were identified for samples MB02 and MB03. As sodium borohydride (NaBH 4 ) concentration increased cuprous oxides formation was favored. These results suggested the formation of Cu 2 O and CuO in colloidal solution, which was in agreement with results previously reported [43, [62] [63] [64] . One explanation for these results is the high activity of copper NPs which are obtained during the synthesis. Due to their small size and higher surface area, they have a high oxidation susceptibility of copper oxide (+1) and copper oxide (+2) according to Equation (5) and (6) . Also, a simultaneous oxidation reaction of cuprite to tenorite can be carried out according to Equation (8) . In addition, as Yagi [34] and Zhang et al. [55] reported, it was possible to obtain cuprite using NaBH 4 as the reducing agent if a suitable volume of PVP was used (Equation 11). A similar X-ray spectrum of NPs indicating the presence of two crystalline phases, monoclinic cupric oxide (CuO) and cubic cuprous oxides (Cu 2 O) was reported by Abboud et al. [64] .
The size and the morphology of copper oxide NPs were analyzed by TEM. Fig. 7 show the morphology and the particle size distribution of copper oxide NPs when different volumes of NaBH 4 as a reductant agent were used. Well dispersed and semispherical NPs are observed in Fig. 7(b) and (d) . In contrast, agglomerates of very small NPs are seen in Fig. 7(a) and (c) [7, 27, 29, 31, 33, 65] . The results showed that as the NaBH 4 volume increased, the nucleation process was favored until the critical radius was reached, and therefore mean size of the NPs decreased. However, when the volume of NaBH 4 was twice that of Cu 2+ , the NPs mean size increased dramatically because the growth process was favored. Likewise, this result may be due to the process of ripening of particles as described by Oswald [66, 67] .
Antibacterial activity
The antimicrobial susceptibility of copper oxide NPs synthesized was investigated. The KirbyBauer diffusion method was used as antimicrobial susceptibility testing method to determine if the strain was resistant, intermediate, or susceptible to the antibiotics tested. Gram-positives Staphylococcus aureus strain (CCM 3953) and Staphylococcus aureus MRSA strain (ATCC 9027), and Gramnegatives Escherichia coli strain (ATCC 10536) and Pseudomonas aeruginosa strain (ATCC 10145) were used as the bacilli. The four samples of NPs tested had the same morphology, but different composition. Sample MH02 was cuprite, sample MBP01 was tenorite, while samples MB02 and MB03 were principally tenorite and with the presence of some cuprite. The average particle sizes used for the antibacterial test were 6.81 ± 1.93 nm, 4.49 ± 1.21 nm, 2.81 ± 0.66 nm and 6.79 ± 1.81 nm, respectively.
Disposable plates inoculated with the tested Grampositive and Gram-negative bacteria at a concentration of 10 5 to 10 6 CFU/mL were used for the tests. Copper oxide NPs sols were inoculated in the disposable plates containing Gram-positive and Gram-negative bacteria. Zones of inhibition were measured after 24 h of incubation at 35 °C. The diameter of inhibition zones (in millimeters) measured is shown in Table 3 .
The clear zone diameter of the bacterial inhibition zone was correlated to antibiotic activity -vancomycin and gentamicin -for Gram-positive and Gram-negative bacteria, respectively. Sample MH02 composed of cuprite did not show any positive results.
Comparing the gram-negative bacteria, the inhibition zone remains almost constant for the E. coli strain when different samples of NPs were used (Fig. [12, 68] using NPs of CuO with 20-22 nm and 5-45 nm of mean size respectively. Diameters of the inhibition zone were greater in the case of P. aeruginosa when MB02 and MB03 were tested. Azam et al. [68] reported similar diameter of the inhibition zone In this case, the presence of cuprite seemed to improve the inhibition of the bacteria even for the larger NPs. In the case of the S. aureus, a smaller diameter of inhibition zone was observed for the sample MB02 that showed the smallest mean NP size. The highest inhibition zone was reported for sample MB03, suggesting that the presence of Cu 2 O had a positive effect on bacterial inhibition [64] . A similar behavior was observed for S. aureus MRSA strain, although in this case the diameter of the inhibition zone was slightly higher. NPs of cuprite (Cu 2 O) did not show bacteriological activity in any case. The interaction between Gram-positive bacteria and NPs seemed stronger than that of Gram-negative bacteria because of the difference in cell walls between both bacteria. The cell wall of E. coli and P. auriginosa consisted of lipids, proteins and lipopolysaccharides (LPS), providing effective protection against biocides. However, the cell wall of Gram-positive bacteria, such as S. aureus and S. aurus MRSA, did not consist of LPS [18] . The results of bacterial susceptibility were encouraging, given that the antibacterial behavior was comparable to those of silver NPs previously reported [2] . However, it is necessary to determine the minimum inhibitory concentration de MIC of each sample.
It is possible that copper oxide NPs act as the antimicrobial agents for the treatment of bacterial infections [13, 14] . Though, the mechanism of the bactericidal effect of copper oxide colloid NPs against bacteria is not clear. One of the possible reasons for this could be the direct interaction between copper oxide NPs and external membrane surface of the bacteria. In this context, a number of mechanisms have been proposed to interpret the antibacterial behavior of metal oxides [5] .
Different ways of action of copper oxide NPs have been proposed by Pena et al. [69] and Kim et al. [70] . Copper ions released may also interact with DNA molecules and intercalate with nucleic acid strands. In addition, copper ions released subsequently may bind with DNA molecules and lead to disorder of the helical structure by cross-linking within and between the nucleic acid strands. Copper oxides generate reactive hydroxyl radicals oxidize proteins, cleavage DNA and RNA molecules and damage membrane due to oxidation of the lipid [18] . Copper ions inside bacteria cells also disrupt biochemical processes [69] . Also, oxygen free-radical created from excited electrons of Cu 2 O particles surface are powerful oxidizing agents, breaking the cell wall of microorganisms through oxidation-reduction reactions [70] . However, the precise mechanism of action of nano CuO is the subject of ongoing investigations. The antibacterial effect of copper oxide NPs determined in this study was similar to that in previous reports [7, 10, 12, 64, 68] .
Coating cotton fabric
Finally, copper oxide NPs with bactericidal activity, sample MBP01 were incorporated into cotton fabrics (11.8 cm 2 ) by applying ultrasound waves. The morphology of the fiber surface area before and after deposition of CuO NPs was studied by SEM (Fig. 9) .
On the SEM image of the original cotton fiber ( Fig.  9(a) ), grooves and fibrils could be easily observed on the surface of the fiber. SEM images of CuO NPs coated onto cotton fibers at different zoom are presented in Fig. 9 (c) and (d). It was clear that cotton fibers were covered homogeneously with CuO NPs when ultrasounds waves were used. However, some agglomerated were observed.
The impregnated cotton fabric was washed in order to reveal whether the particles were well fixed in the fabric or not. After those fabrics were washed five times in a mini washing machine with ultrapure water (Millipore Inc.), remains of copper oxide NPs were evaluated by atomic absorption spectroscopy AAS. Fabrics impregnated with ultrasound waves after five washes retained 95% of the copper oxide NPs (Fig.  9(b) ). Then, NPs were strongly physically adsorbed onto the cotton substrate when ultrasound waves were used, since these particles were not removed by several washings. In concordance of the antibacterial activity, these materials can be used as antibacterial fabrics in the form of medical cloths, protective garments and bed spreads, and many other purposes to minimize the chance of nosocomial infections, though antibacterial test was still under way.
Conclusions
Cupric and cuprous oxide NPs have been successfully synthesized using copper sulfate as precursor, with sodium borohydride (NaBH 4 ) and hydrazine (N 2 H 4 ) as reducing agents, respectively. The EDS of the NPs dispersion confirmed the presence of elemental copper and oxygen signals. No elemental impurity was detected. Effects of the influential parameters as type and concentration of reducing agent were investigated. XRD confirmed that Tenorite (CuO) and cuprite NPs (Cu 2 O) were obtained when different ratios of CuSO 4 /NaBH 4 and CuSO 4 /N 2 H 4 were used respectively.
TEM images showed that the products were composed of semispherical particles with narrow size distribution and high dispersion. It was possible to obtained NPs of CuO and Cu 2 O from a simple method of chemical reduction with the mean size from 2 to 20 nm. The influence of the ratio of copper sulfate and reductant agent on the NPs mean size was most evident when hydrazine hydrate (N 2 H 4 ) was used. The decrease in size of the Cu 2 O NPs was observed when the amount of hydrazine increased. This may be due to the availability of more nucleation sites and lower growth rate for Cu 2 O NPs.
Additionally, the antibacterial activity of the nanopartículas dispersion was measured by the Kirby-Bauer method. The results of this study clearly demonstrated that the colloidal copper oxide NPs inhibited the growth and multiplication of the tested bacteria, including highly multiresistant bacteria such as methicillin-resistant Staphylococcus aureus, S. aureus, Escherichia coli and Pseudomonas aeruginosa. The results suggested that CuO was responsible for bacterial activity even in the presence of small amounts of Cu 2 O. Pseudomonas aureginosa and Staphylococcus aureus were more susceptible to the particle size than Escherichia coli. NPs of cuprite (Cu 2 O) did not show bacteriological activity in any case. The standard dilution micro method, determining the minimum inhibitory concentration (MIC) leading to inhibition of bacterial growth was under way.
The use of ultrasound waves allowed a stronger adhesion of NPs to fabrics. The NPs were retained onto cotton fibber even after five washes.
